We explored the degree to which Bangladeshi farmers perceive Asian elephants (Elephas maximus) as agricultural pests, as related to the type of farming and other demographic profile of the farmers. We analysed the size and cropping patterns of farms raided by wild elephants, the extent and nature of crop loss, the months and crop-raiding time; and the size of elephants' herds that caused crop-raiding incidents. The average loss of entire crops increased with distance from the park up to 300 m and then decreased with greater the distance. The greatest loss due to crop raiding was associated with specific crops. Farmers incurred the greatest mean losses in terms of cost from like rice, vegetables, banana, and teak. The highest proportion of small losses occurred during the early evening, while the greatest financial losses occurred during late evening. Wild elephants raided crops throughout most of the year, but the greatest loss and cost were incurred during the monsoon season. The proportion of crops lost varied with the herd size of elephant responsible for crop-raiding and the duration of crop-raiding. Differences were found in the views of farmers regarding the perceptions towards elephant as pest. Considering crop-raiding elephant herd as pest has been given different views by the farmers based on their financial/comfortable status.
Introduction
The largest conflicts and the greatest losses between humans and wildlife occur in villages bordering parks (Naughton-Treves, 1998) , indicating that the borders of park are the crucial point of the conflict (Hart & O'Connell, 1998) . The human-wildlife conflicts, which may involve injury or death of livestock and human as well as crop damage incurred the major costs of living closer to protected area (Gillingham & Lee, 2003; Roe & Elliott, 2006) . The usual defence of killing problem animals is confined by conservation policy in and around protected areas and farmers are not compensated in most of cases for crop losses caused by wild animals (Laudati, 2010; Naughton-Treves, 1997) due to lack of financial support to run compensation schemes (Tchamba, 1996) . However, allocation of funds to run compensation schemes are needed to explore mitigation measures, which again can be used to reduce the intensity of crop raiding (Sitati & Walpole, 2006; Warren, Buba, & Ross, 2007) . Farmers usually guard their crops by shouting, using chili ropes, trenches, or dogs that are useful in some cases against crop raiders (Sitati, Walpole, & Leader-Williams, 2005) , although guarding of agricultural fields usually restrict farmers from alternative income generating activities (Osborn & Parker, 2003) . Thus, people residing at park edges often require protection or compensation from the Forest Department; if they do not receive it, they may retaliate by killing the problem wildlife in protest, ultimately causing serious population declines. Such protests can undermine conservation initiatives regionally or nationally (Hart & O'Connell, 1998; Naughton-Treves, 1998; Tchamba, 1996; Tweheyo, Hill, & Obua, 2005) .
The cost of conflict between human and wildlife exposes people's unenthusiastic feelings towards the management of protected areas. The situation is worsened by the fact that people resent the protection of these damaging animals. When people resides around protected areas, they complain that wild animals intrude their agricultural fields (Laudati, 2010) . On the other hand, protected areas authorities argue that both local people and immigrants have encroached habitats of wild animals due to a severe human population growth (Sitati, Walpole, & Leader-Williams, 2005) . Farmers are unable to protect their crops when they live close to protected areas. For instances, in Africa nearly 17% of crop loss occurred by insects, birds, and small mammals, by disease (15.6%), and by weeds (16.6%) (Oerke, Dehne, Schonbeck, & Weber, 1994) . In Tanzania and Uganda, farmers reported that park-protected animals caused crop raiding in their settlement zone (Weber, Hill, & Reynolds, 2007) . Mackenzie and Ahabyona (2012) reported that in Kibale National Park, Uganda, the farmers incurred the cost of crop-loss on an average US$ 74 due to crop-raiding over six months and the intensity of crop loss was higher within 500 meters from the park boundary. Consequently, farmers who lived next to protected areas killed animals or provided support to poachers (Nyhus, Tilson, & Sumianto, 2000; Sifuna, 2005) . Therefore, human-wildlife conflict is a subject of intense attention to conservation biologists (Dixon & Sherman, 1990; Dublin & Hoare, 2004; Dudley, Mensah-Ntiamoah, & Kpelle, 1992; Tchamba, 1996) .
Land use with integrating approach is particularly not easy where densely settled agricultural land adjoins a protected area holding large and potentially dangerous animals like Asian elephant, Elephas maximus (Sarker & Røskaft, 2011b; Sukumar, 1991) . The advent of agriculture approximately 10,000 years ago introduced a new dimension to the interaction between elephants and people. Farmed crops attracted the elephants' attention as sources of food, and elephant-human conflicts increased over this resource as well as over territory as permanent settlements and agriculture gradually spread throughout the elephants' habitats (Barnes, 1996) . Concurrently, increasing human use of the natural landscape for firewood, foods and fodder for livestock, significantly affects the elephants' habitat and, consequently, the elephant population. Habitat degradation, fragmentation and the disruption of the traditional migratory routes of elephants due to human activities increased the level of conflict between human and elephant and reduced the geographical range of the elephants, resulting in more frequent contact with humans (Røskaft, Larsen, Mojaphoko, Sarker, & Jackson, 2014; Sarker, 2010) . Marked differences exist in the beliefs of nature enthusiasts and villagers living near park surrounding the value of conserving wildlife in protected areas (Infield, 1988) . The conservationist groups argue that for ecological aspects the existing elephant population should be sustained in protected areas, whereas the people residing around protected areas argue that wild elephants are major threats to their livelihoods. Such disputes may have negative impacts on conservation strategies (Gillingham, 1998) . In Mozambique, farmers who received cost of crop damage caused by African elephants (Loxodonta africana) exposed more negative attitudes towards the Maputo Elephant Reserve than those who had not (de Boer & Baquete, 1998) . Despite increasing crop damage by elephants around park areas, uncertainty persists about the extent of such problems in Bangladesh (Khan, Khan, & Biswas, 2004) . Local people who live closer to protected areas in many parts of the world rank crop raiding by wild elephants as the largest problem (de Boer & Baquete, 1998; Gillingham & Lee, 1999; Hill, 1997; Lee & Priston, 2005; Naughton-Treves, 1997) .
Elephants are in conflict with humans in almost all of their ranges in Bangladesh (Sarker & Røskaft, 2010) , and crop depredation by elephants is the most common cause of such conflicts (Sarker & Røskaft, 2011a) . Crop damage caused by wild elephants occurs mainly in the transition zones between farms and elephant habitats (Sukumar, 1989) . The level of crop damage is generally low in and around protected areas, where farms are small, while crop damage is particularly high in those areas where the landscape is overlapping human-use areas and elephant habitats (Bandara & Tisdell, 2002) . Moreover, small pockets of elephant habitat are associated with severe crop raiding, especially when the remaining habitat is insufficient to support these large herbivores (Sarker & Røskaft, 2010) . Thus, the management of the human-elephant conflict has become a topic of national, regional and international significance.
Farmers are not likely to tolerate crop loss without grievance. In fact, farmers often exaggerate the degree of crop damage by wild elephants and other wildlife (Daniel, 1996; Sarker & Røskaft, 2010) . Farmers are likely to regard the Asian elephant as a dangerous agricultural pest (Bandara & Tisdell, 2002) , yet elephants are a conservation priority, partly due to their use and non-use economic values. Wild elephants instigate antagonism and fear among those who intrude on and occupy their natural habitats (Sarker & Røskaft, 2011b) . The animosity of farmers towards Asian elephants has been highlighted in several studies (Aung, 1997; Nyhus, Tilson, & Sumianto, 2000; Ramakrishnan, Sivaganesan, & Srivatava, 1997; Tisdell & Xiang, 1998) , and Kotagama (1997) notes that while elephants are often blamed for crop damage, although rodents or primates, cause much greater crop losses over time. Therefore, it is confusing to understand whether the wild elephant is a pest or a resource (Bandara & Tisdell, 2002) .
Despite increasing crop damage by elephants around protected areas, indecision perseveres about the definite extent of this dilemma in Bangladesh (Sarker & Røskaft, 2010) . Farmers' bitter complaints imprison the notice of protected area managers, but only rarely are the real impacts of different wildlife species recorded or are the predictors of crop damage evaluated (Sarker & Røskaft, 2010) . Moreover, farmers-elephants interactions have received amazingly little consideration from researchers conducting quantitative analyses (Allaway, 1979) . The absence of actual crop damage caused by wild elephants hampers successful management, precise assessments of sites, and formulation of cost-effective policy and act. The high variability in crop damage caused by wild elephants and the inadequacy of databases hamper efforts to address this politically charged and controversial issue.
Most of the published research on crop damage by wildlife around protected areas is based on interviews with farmers (Hill, 1998; Newmark, Manyanza, Gamassa, & Sariko, 1994) . These studies reveal human perceptions of the risks of crop loss but do not account for interview-introduced erroneousness. At several sites, findings of studies have revealed a disparity between reported and observed crop damage by wildlife, finding that farmers generally overestimate the amount of the cost of crop loss caused by wildlife (Mwathe, 1992) . Moreover, errors are often introduced by extrapolating observations from a single site to an entire park or reserve; by focusing on sites where crop raiding is most intense, damage may be overestimated (Bell, 1984) .
Inadequate attention to the elephants' habitat requirements by those engaged in development activities near elephant habitats in Bangladesh can increase in order to lessen the severity of crop raiding (Sarker & Røskaft, 2010) . The major objective of this study is to explore the quantitative aspects of elephant pest problems. The nature and degree of the crop damage and the economic loss caused by wild elephants are examined in the context of several crop-raiding incidents recorded in the South-Eastern and Northern parts of Bangladesh. Our hypothesis is that crop-raiding incidents and farmers' perceptions of wild elephants as an agricultural pest vary considerably with farm distances from the park boundary and the costs incurred from crop raiding.
Methods

Study Area
We worked in four IUCN-protected areas of Bangladesh (IUCN, 1994) : the Teknaf Game Reserve, TGR (Category VI); the Chunati Wildlife Sanctuary, CWS (Category V); a forest reserve adjacent to the Dulahazara Safari Park in the South-East of Bangladesh, RF 2 (Category 1b); and a forest reserve that lies between the political border of Bangladesh and India, RF 1 (Category 1b) (Figure 1 ). The Chunati Wildlife Sanctuary is situated approximately 70 km South of the city of Chittagong on the west side of Chittagong-Cox's Bazar Highway (21°58′ N, 92°04′ E) and encompasses parts of the Banskhali and Lohagara sub-districts of the Chittagong District and the Chokoria Upazila of Cox's Bazar District. The sanctuary was established in 1986 under the Chittagong South Forest Division, but it has recently been transferred to the newly created Wildlife and Nature Conservation Division of the Forest Department. Administratively, the sanctuary is divided into two forest ranges (i.e., Jaldi and Chunati) and 7 forest blocks. The sanctuary was formally established through a gazette notification under the provision of the Wildlife Preservation Act (1974) . It covers an area of 77.64 km 2 and was designated by the government as an undisturbed breeding ground for the protection of wildlife (primarily) with natural resources. Numerous clear creeks with gravelly and stony beds traverse the area. During the study period, the mean annual temperature of the sanctuary area was 26.6 °C, ranging from 21.8 °C to 31.4 °C, and the average annual rainfall was 390 mm. The population census (1991) showed that the household density and the human population density around the wildlife sanctuary were 131. The reserve forest around the Bangladesh-India border at the Assam-Meghalaya region passes through the Kangsha, Dhansail, Rangtia and Fakirabad unions of the Jhenaigati (25°16′ N and 90°01′ E) and the Nayabill union of the Nalitabari sub-district (25°13' N and 90°08' E) of the Sherpur district. The forest area comprises approximately 5 km 2 of scattered forest as a reserve forest. The area of the reserve forest is predominantly a secondary Sal forest. The average annual rainfall during the study period was 252.7 mm, and the mean annual temperature was 26.6 °C, ranging from 22.3 °C to 30.9 °C. The household density and the human population density around the reserve area were 130.3 per km 2 and 685.3 per km 2 , respectively (BBS, 2009).
Sampling and Data Collection
We carried out fieldwork from July 2008 to June 2009, recording 46 incidents of crop raiding by wild elephants for quantitative analysis, of which 33 incidents occurred in both agricultural farms and home gardens, and the remaining 11 incidents were observed only in agricultural farms. We collected data using a questionnaire to understand the aspects of elephant crop raiding in the study areas. One person from each village (N = 99 villages) was selected to tell us about the presence of elephants in the village. We considered the following criteria for the selection of an informant: 1) the person must reside within 0.5 km of the park boundary, and 2) he or she must be able to inform the field assistants of the presence of elephants by mobile phone.
After receiving a message from the informant, we investigated the farms raided by wild elephants. The extent of crop damage caused by the elephants was assessed in relation to two major farm types (agricultural farms and www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 4, No. 2; home gardens) and farms were located within 0.5 km of the boundary of the park. An agricultural farm is a tract of land cultivated for agricultural production, while home gardens are forest gardens, where farmers cultivate trees and horticultural crops on the same land. In Bangladesh, home gardens are the most common form of land use and combine different fruit species. In this study, however, we defined both agricultural farms and home gardens as "farms". We categorised the cropping patterns as "agricultural crops" (i.e., rice, vegetables, and betel leaf), "horticultural crops" (i.e., fruit trees) and "forest crops" (i.e., bamboo, teak, and mahogany) for analysis. In this study, we only interviewed farmers (N = 44) whose farms were raided by wild elephants. The interview questionnaire included questions about socio-economic and demographic variables and one question related to the perception of farmers towards the elephants as a pest. The socio-economic and demographic variables were related to the distance of the farm from the park border (< 100 m, 101-200 m, 201-300 m, and > 300 m), the amount of crop loss and associated cost from crop-raiding by wild elephants, investment for production and protection of crops, settlement status (residential, immigrant, or hired from other places), education (none, primary education and above), age, household size, occupation (small-scale farmers, medium-scale farmers, and large-scale farmers) based on farm size, and monthly income of respondents. Then, for analyses, we classified the respondents as "small-scale farmers" or "large-scale farmers" according to the size of the farm they owned. All farms below the average farm size (i.e., 10901 m 2 ) were considered "small farms", all others were classified as "large farms" and we defined both small-and large-scale farmers as "farmers". We also categorised the farmers into residents (born locally) and immigrants; poor [average monthly income less than Taka (Tk) 5443 or equivalent US$ 78] and rich (more than Tk 5443 per month); illiterate (no education or never went to school) and literate (completed at least primary level school education). The distance of each farm from the park boundary was estimated using GPS (Global Positioning System). We recorded the amount of damage by counting damaged stems or fruits of planted crops (e.g., jackfruit, banana, coconut, papaya, mango, blackberry, bamboo, teak, and mahogany) and converting the damage into local currency (i.e., Tk) using the average market price for each crop. Damage to sown crops (e.g., rice, vegetables, and betel leaf) was measured directly in square metre (m 2 ). We then estimated the amount of crop loss per square metre in local currency. We categorised the crop loss in local currency as a "small loss" or a "high loss" based on the average loss (i.e., Tk 14206). Any loss below the average loss was considered a "small loss", losses above the average were classified as a "high loss". We recorded the investment in farm development and the cost of raiding deterrents for each farm raided by elephants to calculate the total investment cost. In addition, we recorded data on timing and the month of crop raiding and the size of the raiding elephant's herd. Finally, we asked each farmer (N = 44) the following question: "Have you considered the wild elephant as an agricultural pest on your farm?" (no / yes / don't know ).
Data Analyses
Data were analysed using SPSS v. 16.0 (SPSS, Chicago, USA). Differences in costs of crop losses across protected areas and farmer's perceptions were explored using one-way ANOVA and chi-square (χ 2 ) tests. The relationships between attitudes and socio-economic and demographic variables were explored with multivariate statistics. A stepwise logistic regression was used to analyse relationships among multiple variables with responses to the above pest question as the dependent variable.
Results
Socio-Economic and Demographic Analyses
The major socio-economic and demographic characteristics of the farmers showed statistically significant variation among the four protected areas (Table 1) . More than half of the farmers had farms > 200 m from the park. Most farmers were residents, illiterate, large-scale farmers, and rich. All small-scale farmers were illiterate (100%), while the illiteracy rate among the large-scale farmers was approximately 12.0% (χ 2 = 35.4, df = 1, P < 0.0001). The mean age and the mean family size of the farmers was 41.9 ± 9.1 (SD) years and 8.2 ± 2.5 (SD) persons per family. 
Farm Size
Farm size varied considerably across the study sites (Table 2a ). The average farm was larger in South-East Bangladesh (CWS, RF 2, and TGR) than in northern Bangladesh (RF 1). Table 2a . Farm size in relation to the degree of protection in each of the protected areas and the distance of the farm from the park boundary (see Table 1 for the elaboration of protected areas), and ANOVA-tests of differences between the four areas Note: All values are mean ± SD.
Farm size also varied considerably with the distance of the farm from the park boundary. On average, farms were smaller closer to the park boundary but increased in size farther from the protected areas (Table 2b) . Table 2b . Farm size in relation to the distance of the farm from the park boundary (see Table 1 for the elaboration of protected areas), and ANOVA-tests of differences between the four areas 
Cropping Patterns
In total, 12 different crops were recorded in farms across the study areas (Table 3) . These crops included rice (Oryza sativa), a variety of local vegetables, betel leaf (Piper betle), different types of fruits, and timber species. In the agricultural farms, rice and vegetables were common. The home garden consisted of perennial and semi-perennial crops, including jackfruit (Artocarpus integrifolia), banana (Musa paradisiaca), and coconut (Cocos nucifera). In addition, papaya (Carica papaya), mango (Mangifera indica), blackberry (Rubus fruticosus) , bamboo (Bambusa vulgaris), teak (Tectona grandis), and mahogany (Swietenia mahagoni) were planted in home gardens. Rice and vegetables were the major agricultural crops cultivated across all study areas. Among the horticultural species, jackfruit, banana, and coconut were the major fruit species cultivated. Bamboo was cultivated on the largest scale (compared to teak and mahogany) among the forest crops. Table 3 . Cropping patterns of farms located around each of the protected areas included in the study (see Table 1 for the elaboration of protected areas), and ANOVA-tests of differences between the four areas 
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Crop Loss From Crop Raiding Caused by Wild Elephants
Crop loss due to crop raiding by wild elephants associated with agricultural crops, horticultural crops, and forest crops varied across the study areas (Table 4) . Among the agricultural crops, on average, the greatest amount of crop loss, and the highest cost was associated with rice across all study areas. Among the horticultural crops, the greatest cost due to crop loss was incurred when elephants raided banana crops. The amount of the crop lost and www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 4, No. 2; the cost for the other fruit species was negligible, and no recorded losses occurred to the blackberry crops. Among the forest crops, the degree of the loss and the cost of elephant crop raiding associated with bamboo and teak crops significantly varied between the studies sites, but mahogany showed no such relationship. The average crop loss for most crops was higher in South-East Bangladesh than in the northern part of the country. The proportion of crop raiding incidents was higher in south-east Bangladesh (84.8%) than in the northern part (15.2%) of the country, and these figures significantly varied between these two regions (N = 46, χ 2 = 7.82, df = 1, P = 0.004). Table 4 . Crop loss and associated costs of crop raiding by elephants in each of the protected areas included in the study (see Table 1 for the elaboration of protected areas), and ANOVA-tests of differences between the four areas The cost due to crop loss caused by the elephants varied significantly with the distance of the farm from the park boundary, the timing and season of the crop raiding incident, and the herd size of the crop-raiding elephants (Table 5 ). An increasing degree of crop loss due to raiding by wild elephants occurred between 200 m and 300 m from the park boundary. After 300 m, however, the degree of high crop loss decreased significantly. The highest proportion of small losses was recorded during the early evening (19.00 to 21.00 h), while the greatest proportion of high losses occurred during the late evening (21.00 to 24.00 h). The linear regression showed that the total cost derived from crop-raiding was significantly related to the duration of the crop-raiding incident (r 2 = 0.424, β = 128.9, t = 5.7, df = 1, P < 0.001). Costs due to crop damage increased with increasing crop-raiding time. Wild elephants raided crops throughout most of the year, but the greatest proportion of high crop losses were recorded during the monsoon season (i.e., June to September), while the highest proportion of small losses occurred during the post-monsoon season (i.e., October to December). More than two-thirds of the high losses due to crop raids were inflicted by herds of four elephants. 
People's Perceptions Towards Wild Elephants as A Pest
More than half of the farmers (58.7%) considered the elephant an agricultural pest. There was no significant difference in these perceptions among the study areas (χ 2 = 4.4, df = 3, P = 0.219). The farmers' views on elephants as an agricultural pest did vary significantly with the distance of the farm from the park boundary, monthly income, education, occupation, crop loss, and farm size, but there was no significant correlation with the settlement status of the farmer (Table 6 ). More than 95% of the farmers within 200 m of the park boundary considered elephants a pest, whereas approximately 25% of those who lived further held this belief. Similarly, the majority of the farmers who considered elephants a pest species were poor, illiterate small-scale farmers. The farmers who experienced < Tk 14206 in crop loss were more likely to consider the elephant a pest, while those with high losses were less likely to hold this view. Similarly, small-scale farmers were more likely than large-scale farmers to regard elephants as a pest. The results of the study indicated that the percentage of the loss of farmers' annual income significantly varied between farm size (χ 2 = 9.2, df = 3, P = 0.027). The majority of the farmers (71.7%) reported that wild elephants caused crop damage that cost them 25% of their annual income. Among them, 76.2% had a small farm, while 68% had large farms. One fifth of the farmers (19.6%) reported that wild elephants caused a 25-50% loss of their annual income, of which 4.8% owned small farms and 32% owned large farms. Very few farmers (4.3%) reported that they lost more than 50% of their annual income due to crop loss from crop raiding by elephants. A stepwise linear regression with responses to the question, "Have you considered the wild elephant as an agricultural pest on your farm?" as the dependent variable was used to test how much of the variation in perception was explained by the nine independent variables (Table 7) . Only three of these variables were found to be significant contributors to the variation in the farmers' perceptions. The variable explaining the greatest amount of variation in perception was the education level of the farmers. Illiterate farmers were significantly more likely to consider elephants a pest than literate farmers. The distance of the farm from the protected areas was the second-most important predictor of farmers' attitudes; farmers who regarded the elephants as a pest generally had farms closer to the park boundary. Another significant factor was the amount of crop loss in terms of cost incurred from crop raiding. Respondents who experienced greater losses were more likely to consider elephants as agricultural pest. No other independent variable had a significant correlation with the farmers' perceptions of elephants as pests. Together, all independent variables explained 64.2% of the variation in farmers ' perceptions of wild elephants as agricultural pest.
www.ccsenet.org/enrr Environment and Natural Resources Research Vol. 4, No. 2; Note: R = rank; t = t value; R 2 = 0.642; p = 0.0001.
Discussion
This study revealed that the proportion of crop raiding by wild elephants is greater in the South-East region of Bangladesh (i.e., CWS, TGR, and RF 2) than in the Northern part (i.e., RF 1) of the country. South-Eastern Bangladesh has been considered as fundamental habitat for Asian elephants in this country. In the North, by contrast, crop raiding incidents are seasonal and occur during the post-monsoon season (Sarker & Røskaft, 2010) . The area surrounding the Northern region is a flood-prone zone where most of the inhabitants are involved in non-farming activities during the monsoon season due to the flooding of their crop fields and their preferences for farming after the monsoon. During the peak agricultural crop season, however, elephants seek suitable fields for foraging and continue raiding until the farmers retaliate (Sukumar, 1989) .
This study also revealed that rice and vegetables have the greatest economic losses due to crop raiding by elephants. Rice and various vegetables are cultivated in two distinct seasons [i.e., monsoon (June -September) and post-monsoon (October-December)] in Bangladesh. Elephants usually raid rice fields while the grain is maturing and continue their raids until the harvest is complete. The frequency of raiding peaks during the rice crop seasons, when a large area is cultivated. During this period, vegetables and betel leaves are also grown; elephants raid these crops, thereby inflicting the greatest losses. These crops are the most abundantly planted, so the raiding might be opportunistic, as opposed to the more commonly held view of these raids as being preferential. Elephants with a surplus of natural food resources still resorted to crop raiding. They were most likely attracted by the greater palatability and food value of the cultivated plants (Hart & O'Connell, 2000) . Moreover, crops are more easily digested than food items available in the wild (Rode, Chiyo, Chapman & McDowell, 2006) . This study reveals that in home gardens, bananas are attacked at all stages of development. Elephants also forage on the other fruit crops such as jackfruit, coconut, papaya, and mango as well as forest crops such as bamboo and teak, particularly when agricultural crops are not available on their usual raiding routes. Our study further revealed that the crop damage is greater in agricultural farms than in home gardens because agricultural farms are generally found in encroached forest patches adjoining human settlements in the protected areas. The farmers also explained that the crop damage was recorded as low in home gardens because home gardens are planted in the same locations as human settlements. Elephants are not inclined to risk this type of crop raiding as the farmers will retaliate. The farmers believe that elephants are intelligent animals that understand human movements and that elephants intentionally raid crops by avoiding the artificial barriers erected by farmers.
Elephant herds largely confine their forays to within 1 km of the forest boundary (Sukumar, 1989) . Elephants are more likely to raid along boundaries rather than go deep into farming areas because the risk of detection is lowest in areas that serve as a buffer between protected areas and areas cleared for cultivation (Bandara & Tisdell , 2002) . We found that elephant crop-raiding incidents mostly occurred close to the park boundary (within 300 m). We also found that farms were smaller closer to the park boundary and became larger farther from the protected areas. Therefore, crop loss increased with farm distance up to 300 m from the park boundary, but loss decreased at greater distances because there was a greater chance of farmer retaliation due to a higher human settlement density at distances beyond 300 meters in comparison to those closer to the park boundary.
Elephants enter crop fields only after dark, and during the crop season, elephants usually move close to the forest-village boundary in the early evening (Sukumar, 1989) . Fields, however, are not generally guarded on a 24-hour basis and are tended only during the daylight hours. Most of the crop raiding, therefore, takes place at night when the fields are unattended. Farmers construct thatched houses (huts) during the harvest season (especially the rice harvest) to guard their fields at night. Such guarding activities are always carried out in groups (Sarker & Røskaft, 2010) . Therefore, in the early evening, large guard groups make it possible to guard against crop raiding and drive elephants from the field. However, farmers are unable to maintain large groups throughout the late evening due to a lack of sleep. Moreover, they are financially unable to hire night guards. Thus, the highest proportion of small losses occurred during the early evening due to the high guarding intensity, but the greatest proportion of large losses occurred in late evening because of the low guarding intensity. Another reason for the timing of crop-raiding is that the elephants are staying in the field more frequently during the late evening compared to the early evening. Naughton et al. (1999) noted that a fear of elephants also motivates people to stay away from their fields at night. The risks and benefits of crop raiding differ between the sexes of elephants (Sukumar, 2004) . The bull elephants have a greater impact on crops, even though they commonly travel alone, inflicting far more damage than even a herd of several female elephants, and crop raiding is habitual for some adult bulls. We could not determine the sex of the elephants in the field at night.
Negative attitudes, unpleasant experiences, and economic damages resulting from crop raiding by elephants motivate farmers to treat crop-raiding elephants harshly (Bandara & Tisdell, 2002) . Most interviewed farmers considered elephants a pest. However, the farmers who held this attitude suffered less crop damage at the boundaries of nature reserves than those whose farms were farther from the park. It is probable that crop losses incurred from crop raiding have more severe impacts on the livelihood of farmers closer to the park boundary because they have small farms. Illiteracy may shape negative attitudes of farmers because they are less likely to receive information about the importance of conservation and the reality of the crop-raiding problem compared to literate farmers.
The farmers' complaints about wild elephants as agricultural pests were closely associated with at least three major issues: an increase in the intensity of the crop damage, the ineffectiveness of crop protection measures and poor compensation for crop damage, which lowered the farmers' tolerance for the presence of elephants in the fields. The lack of compensation, or insufficient compensation, furthermore causes farmers to exaggerate and distort the issue (Bauer, 2003; Madhusudan, 2003; Sekhar, 1998; Weladji & Tchamba, 2003) . Bangladesh needs new policies and programmes for elephant conservation and for the mitigation of farmer conflicts with park management. Such policies must adequately address compensation to farmers for the agricultural and property damage caused by raiding elephants. On the one hand, without such compensation, farmers will not tolerate elephants near or on their farms, and they will extract more natural resources from the park to make their living and recover economic losses from the crop damage caused by the elephants; on the other hand, compensation schemes are notoriously hard to manage and are prone to fraud and moral hazard. In Bangladesh, many farmers consider the elephant a dangerous pest, similar to any other pest that disturbs their crop production, farming practices and social well-being. Although elephants may cause considerable damage at the local level (Dudley, Mensah-Ntiamoah, & Kpelle, 1992) , their regional impact on agriculture is insignificant compared to other vertebrate and invertebrate pests (Naughton, Rose, & Treves, 1999) . Elephants depredate at a high intensity for only a few months of the year; the damage caused by wild boars and porcupines is reported to be lower, but it is continuous. However, compensation for human-wildlife conflicts can be tied to land rights. For example, in the Bhadra Tiger Reserve in India, claimants without evidence of land tenure were not compensated for livestock or crop losses (Madhusudan, 2003) . A positive impact on community attitudes towards conservation has been reported in several studies where extraction rights have been granted, despite crop and livestock losses (Bajracharya, Furley, & Newton, 2006; Studsrød & Wegge, 1995) . In addition to education, financial compensation for crop damage can be very effective in low-income areas if compensation is distributed fairly and if corruption does not interfere (Bulte & Rondeau, 2007) , but such schemes are difficult to conduct if government funds are lacking. Alternative methods of compensation could include free permits to collect forest resources, such as grass, an approach that has been successful in Nepal (Weladji & Tchamba, 2003) . In light of the above circumstances, to help ensure the long-term conservation of wild elephants and the mitigation of the elephant pest problem, Bangladesh needs integrated policies regarding land use, compensation schemes, and education involving both public and private stakeholders, including farmers. Moreover, changing in cropping pattern can be alternative options to reduce the conflict between farmers and wild elephants. Farmers could shift to non edible timber species instead of paddy and vegetable crops and government should provide incentives per annum basis until non-edible timber species enter to profits. In addition, government should taken an action to improve the core zones of protected areas along the range of elephants habitat in order to establish availability of natural sources for the avoidance of elephant herd entry into the crop fields located near the park boundary. Such actions are especially needed because the resources available to elephants in protected areas are insufficient to ensure the long-term survival of the Asian elephant in Bangladesh.
Conclusion
Most farmers considered elephants to be agricultural pests, revealing that elephants are a source of social conflict. Thus, any plan for conservation without adequate provision for human interests is bound to fail (Sarker & Røskaft, 2011b) . The conservation and appropriate management of the Asian elephant, however, requires that social conflicts be resolved, and therefore, policymakers seeking practical solutions to conservation issues must go well beyond the economic evaluation of such species. The long-term survival of wild elephants depends on the development of a scheme to compensate farmers adequately for the damages they suffer from elephant raids.
